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Claim., l-ll are pending in Lhe instant application. Claims 
1-11 have been rejected. Claim.. 1 and 2 have been amended. 
Support for the.^e amendments i.^ provided throughout the 
specification and in particular at page 1, lines 14-15, page 4, 
line^ 6-9, page 5, lines 32-33 and page 9, lines 22^31. Thus, no 
new matter has been added by these amendments. Reconsideration 
is respectfully requested in light of these amendments and the ^ 
following remarks. 

I. Rejection Of Claims 1 and 8^11 under 35 U.S.C. § 103(a) ^ 

Claims 1 and 8-11 have been rejected under 35 U.S.C. § ^ 
103(a) as being unpatentable over Vacanti et al. In view of 
Hlavacck et ai. The^ Examiner has acknowledged Vacanti et al.- to 
be "silent" with re.spect to a braided scaffold. However, the 
Examiner suggests that Hlavacek et al. teaches a three- 
dimensional scaffold that IS braided. Thus, the Examiner 
suggests that it would have been obvious to one of ordinary skill 
in the art at the time of applicants' invention ' to look at the 
teachings of lllavacek et al. to mak3 the degradable, porou.., 
polymeric fiber based-three dimensional scaffold of Vacanti ot 
al. braided to impart the desired strength and stiffness in the 
primary axial loading direction. 
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Applicants respectfully disagree. 

The term "thre<.-diinensional" as used in the In.tant 
invenlion and made clear by the teachings of the specification 
^t. for example page 5 and 6, refers to the textile structure of 
the braid and not to the dirrtcnsions of the object as a whole. 
Neither Vacanti et al . nor Hlavacek et al. teach a braided 
three-dimen.^ional textile structure. instead, Vacanti et al. 
discloses a two-dimensional textile structure "in a woven or non^ 
woven me.sh and sponge like device" (colunin 3, line 51) while 
Hlavacek et al. discloses "devices that are braided or woven 
into flat tape geometry having the plurality of fibers aligned 
parallel to form the axiaJ warp." 

Accordingly, in an earnest effort to clearly distinguish the 
three-dimensional textile structures of the present invention 
from the two-dimensional textile structures of Vacanti et al. 
and HUvacck et al.. Applicants have amended the claims to state 
that Lhe Lhrec-dimensional braided scaffolds are formed using a 
three-dimensional textile braiding technique. Support for this 
a,T,endment is provided in the specification at page 5, lines 32^ 
33. 

Further, it. has been shown in the literature that two- 
dimensional te.xtile structures, such as described by Vacanti et 
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al. and Hlavacek et al. fail as ligan>ent or tendon replacement 
constructs. Applicants are providing herewith a reference by 
Guidoin et al. (Biomaterials 2000 21:2461-2474) which describes 
the failures of two-dimensional polymeric fiber-ba.sed 
replacements for ACL and te.xtUe 3tructure.s similar to Hlavacek 
et al. Accordingly, to further distinguish the present invention 
from such two-dimensional replacement constructs, Applicants have 
amended the claims to clarify that the replaceinent construct are 
for tendons or ligaments. Support for this amendment can be 
found in the. .specification at pag^ 1, lines ]4-15, page 4, lines 
6-9, and page 9, lines 22-31. 

H-inally, Applicants would like to clarify that the major ■ 
forces placed on a ligament are flexural and rotational loading. 
Accordingly, the Examiner's suggestion that one of skill would 
look to Hlavacek et al. to impart Lhe desired strength and 
stiffness in the primary axial loading direction to the 
constructs of Vacanti et al. is irrelevant to ligament and tendon 
replacement constructs of the present invention. 

Accordingly, the combination of Vacanti et al . and Hlavacek 
et al. does not teach or suggest call Lhe limitations of the 
claims as amended. Speci.liically, neither of these references 
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teach or suggest thrce-diraens lona 1 braided scaffolds formed using 
a Lhroe-dimensional textile braiding technique. 

The conibination of Vacanti et al. and Hlavacek et al. also 
fails to provide any reasonable expectation of success of the 
claimed constructs in ligament and tendon replacoment, 
particularly in light of literature references such as Guidoin et 
al. reporting failure of two-dimensional constructs such as 
taught by lllavacek et al . for ACL replacement. 

Finally, there is no motivation to combine the teachings of 
Vacant! et al. with Hlavacek et al. to produce a ligament or 
tendon repl^jcement construct since the additional strength 
suggested by the Examiner to be obtained Lb irrelevant to 
ligament and tendon replacement constructs. 

Thus, since this combination of references fails to meet the 
basic criteria required for a prin^a facie case of obviou..ness, it 
is respectfully requested that the rejection of claims 1 and 8-11 
over the teachings of Vacant! et al. and Wlavacek et al. be 
withdrawn . 

U. Rejection of ClaliDs 2-7 under 35 O.S.C. § 103(a) 

Claims 2-7 have also been rejected under 35 U.S.C. § 1.03(a) 
as being unpatentable over Hlavacek et al . in view of Vacantl et 
al. The Examiner suggests that Hlavacek et al . d!.<5closes a 
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braided ligament or tendon implant with all the elements of clai 
2, but i.s silenh with rc^spect to seeding with cells. However, 
the Examiner si:gg<..sts that Vacant! et al. teaches a replacement 
construct seeded with cells. Thus, the Examiner suggests that it 
would have, been obvious to one of ordinary skill in the art at 
the time of applicants' invention to look at the teachings of 
Vacant! ot al. to modify the ligament or tendon implant of 
Hluvacek et al. to seed the polymeric scaffold with cells. 
AppLi cants respectfully traverse this rejection. 
As discussed in -Section I, .97jpra, contrary to the Examiner's 
suggestion, Hlavacek et al . does not teach a braided ligament or 
tendon implant with all the elemenLs of the instant invention, 
fiipecifically, neither Hlavacek. et al . nor Vacanti et al. teach 
three-dimensional, braided scaffold.s formed using a 3-dimGnsional 
textile braiding technique. 

Accordingly, in an earnest effort to clearly distinguish the 
instant invention from the teachings of the cited prior art 
re-Eerenccs, Applicants have amended claim 7. to state that the 
three-dimensional braided scaffolds are formed using a three^ 
dimen.9ional . textile braiding technique. Support for this 
amendment is provided In the specification at page 5, lines 32- 
33. 
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Further, as also discussed in Section I, supra, the 
literature has . di sclosed that two-dimensional textile structure, 
such as described by Vacanti et al. and HIavacek et al. f^^il as 
ligament or tendon replacement constructs. Accordingly, to 
, further distinguish the present invention from such two- 
dmensionaJ replacement constructs, Applicant.? have amended claim 
2 to clarify that the replacement constructs are for tendons or 
ligaments. Support for this amendment can be found in the 
specification at page 1, lines 1.4-1.'5, page 4, lines 6-9, and page 
9, 1 Ines 22-31 . 

These amendments to independent claim 2, which clearly 
distinguish the claimed Invention from teachings of the 
combination of HIavacek et al. and Vacanti et al., render moot 
the Examiner's additional comments with respect to dependent 
claims 3-7, since MPf:p § 2143.03 laakes quite clear that if an 
independent claim is nonobvious under 35 U.S.C. § 103, then any 
claim depending therefore is nonobvious. 

Thus, since the cited. prior art references do not teach or 
suggest all the limitations of claims 2-7 as amended, nor provide 
a reasonable ex^pectation of success with respect to use of the 
Claimed invention in ligament or tendon replacement, withdrawal 
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of the rejection of claims 2-7 under 3b U.S.C, § 103 is 
respectfully rcque.'^ted . 
Ill* Conclusion 

Applicants believe that the foregoing comprises a full and 
complete response to the Office Action of record. Accordingly, 
favorable reconsideration and subaequent allowance of the pending 
claims is earnestly solicited. 



Da L G : July 25 , 2003 

Licata & Tyrrell P.C, 
66 B, Main Street 
Marlton, New Jersey 08053 

(856) rno-1515 



Respectfully submitted. 
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Analysis of retrieved polymer fiber based replacements for the ACL 

Marie-France Guidoin^'^ YvcvS Marois^*''**, Jacques Bejlli^ Nicolas Poddevin'', 

Martin W. King^ Robert Guidoiir''^ 

''Luhoi-atoiy of Expcvimiinicd Sur^i^.ry, Dt;.fnuvnatl vf Surgery, /-"hm/ Utiirersiiy. /ittnm i7f}l Sa-vU cs liiiUtUny,, Quebec, QC, Canaiia OIK 7P4 
\iudK'c ISioimUerial iti.UUitte. Centra de R^cMrchc Povilhn Saiftl-l''rwu;oLi ii'Axxixi>. CHtJQ, QuttU^' CV/v, QC-. Canada 

'CUniqun EmiUr. (Lr. Viufar, tyon, FrtmcL' 
"^Biofaml iSiomaterimtx, Toithuui, Fm/uv 

AbsLracl 

The present retrospective: analysis of 1 17 si»rgica[ly excised antci'ior cruciate lignniunl (ACT) prostheses was dcsigncci to cluciJalo 
Ihc elioloisy and mechanisms ofliiilure ol'synlheiic ligamcnious prostheses. They were hjjrvyiitcj from young and active patients 
(26 H- 7 yrs) al variou^i or thof>acd it: tenters in France between IViS^ and 1^9.1. Tlie average dunuion of implantatioft of augmcntaiion 
and replacement prostheses were 21..-S ± 12.6 and 33.2 t 25.3 months, respectively. The principal causes for ihcir excision were 
ruptures and synovitis. Kach ACL prosthesis was examined naacroscopically, hisiolr>tjit:a|Iy, and, afier tissue removal, by scauiiing 
electron microscopy {?ihM) to dcTismiinc ilic model, manufacturer, surgical technique used <u, imphmtalion, the extent of healing, the 
site of rupuirc, and the mor[ilu)loiiy of Uie damaged libers. Fourteen types of A<';i, profitheses were analysed, each fabricated using 
a different combination of polyinurs, libt:r}? and textile constructions. Conscquemly, they goiioriiitrd ;i variety of healing characteristics 
and meclianical responses in vivo. ShM olwervalions revealed that abrasion of the textile flLiers as a i-esnli Of yorn-on-yarn auJ/or 
yarn-on-bone contact was a common phenomenon to ulmos: all models, and was the primary Ciiuse of proiilhvtic failure. Healing 
inside the syuthetie ACL was poorly (irg>iiii/ed, incomplete and unpredictable as the extent of collagenous irdiltnilion Into the textile 
siruelure did not increase with the duration of implnniniioii. In fact, ihc collagenous infiltration into certiiin models appeared to be 
more detrimental iJian beneficial since It caused detcHonition and fraying; of the textile structure rather than .'Serving as a reinforcing 
matrix around the prosthesis. In conclusion, the present study .shows ihal Ihree mechanisms may be involved in the failure of ACL 
prostlieses: ( 1 ) inadwjutue iiber abrasion resistance, ai^ainst osseous surfaces; (2) Hexural and rolational fatigue of the fibers, and (3.) lo.w 
of integrity of the (cxiile structure due to unpredictable tissue inliltr^jtion during; heating, (fl) 2000 Elsevier Science Ltd. All rights 
reserved. 

A'ckiwit/v; ACL prostheses: Relriuval study; itisiology; S£iVl analyi;is 



1. Introduction 

The auLcrior crucialc ligament (ACL) is an important 
purl of the knee which maintains the stability and ihc 
function of the organ. If treated conscrvativclyj rupture of 
the ACL may lead to knee instability, osteoarthritis, and 
meniscul tears During the 1970s, autogenous lismuc 
and hetcrografts v/ere popular substitutes. However, the 
risk.s of surgically tr;in.smitted infectious diseases, such as 
hepatitis or HIV, the weakening of adjiicent anatomical 
tissue and the amount of tis.sue available for ACL recon^ 



* C?ori'c*pf>mieiiLt: ;uMti;>w: LatKUiilory of Lixpcrimcntal Surficry. 
L;iv;il Univorsily, Room 1701, Services Buiiding, Quebec, QC>diii:"li, 
OIK7P4. 



striiction have convinced orthopedic surgeons of ihe util- 
ity of an artiticial substitute [3-5]. 

Over the years, only a few companies have developed 
u.seful prosthetic devices. In 1973, the Food and Drug 
Adininislration (FDA) approved tiic fa-st i-^roplast® de- 
vice, and by the mid-1970s, the original Kennedy pros- 
thesis made from Hcrciiles^^ 1900 tiltra-hish-moleciilai' 
weight polyethylene also known as higli-pcrfonnance 
polyethylene (PHP), became cottin'^ercially available. 
Thereafter, Jenkins et al introduced a prosthesis made 
from carbon [6] und the Kennedy-Lad"* augmentation 
device began to be implanted for the reinforcement of 
a torn or injured ligament. Tlie Lexids-Keio'*^, the Gore- 
Tcx*"^ ai^d the Strykei-*^ proslheses emerged along with 
other prototypes during the 1980s [7], 



0!42-9f»l2/00/$-.SL-i: frinii iiiiidvr 20(K) Elsevier Science Ltd. All rights reserved. 
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riic inirodijciion of these ligamentous prostheses gen- 
erated muciv interest because it offered the bcnclii. of 
quick recovery and rapid rehiibi 11 tuition of the knee with- 
out sacrificing the autogenous [S]. While prelimi- 
nary studies showed promise, long-term results were 
disappointing with success rates riinging between 30 and 
60Vo [9'-141. A number of problems were reported, in- 
cludinji* elongation and rupture of the device, synovitis, 
bone tunnel enlargment, iaclc of sensibility, and the 
formation of wear debris [15-17J. After <\ number of 
trials^ it was finally recommended to cease the use of 
these devices Nowadays, autogenous and allogenic 
tissue, such its the patellar tendon, semi- tendinous ten- 
don, fascia lata, Am\ (he ihotibial band, as well as tech- 
niques related to tissue harvesting and implantation 
procedures, have contributed to improving the success 
rate of ACL repair [19-'-241. 

As the use of ligamerilouti prostheses did not appear to 
solve the problem of ACL rupture, and since the long- 
term results were disappointing, the question to be an- 
swered is: 'Do we still need an arttficiul substitute to 
replace or reinforce a broken or torn ACLT If the answer 
is 'Yes*, then before bcginniiis now progran^s for the 
development of an ACL prosthesis, it is important that 
we understand why they failed. 

The present study was undertaken with the purpose of 
addrcs.sing this issue. A large number of synthetic ACL 
grafts which had failed prematurely were retrieved and 
analyzed histologically and morphologically with a view 
to identifying the most common mechanisms of clinical 
failure. 



2. Materials and methods 

2. J. Prosthf.se.'i 

One hundred and seventeen (117) explanted ACL 
ligamentous prostheses and augmentation devices were 
harvested at various centers in France and in Canada 
from 1987 to lf)96. l-'ifieen dillcrenl types of retrieved 
grafts were received at the Quebec Biomaterials Institute 
including 2« Stryker^-^, 22 Proflex^^ 13 Lygeron*^, 12 
Kenncdy-LAD*, 7 ABC Surgicraft® polyester (polyethy- 
lene tejt:phthalatc)(PFr), 7 I .igastic'S^, 6 SEM'^^, 6 Raschel 
PHP^ 6 braided PHP® 4 Lisaid«\ 3 Gore-Tex^ and 
2 ABC Surgicraft^^* PET/carbon devices. One prosthesis 
was not identified, 1 able 1 lists the name of the manufac- 
turer, the type of the textile structure and the ty|>e of 
synthetic fibers used in the construction of each device. 

2. 2. CliiiiccL I da fa 

Surgeons participating in the reuieval program were 
asked to complete a data sheet upon explantation of the 
prosthesis, A stinimary of each patient's file was required 



in order to generate a profile of the patient population, 
determine the reasons for the original injury to the natu- 
ral ACL, identify the type of prosthesis and identify ihc 
surgical technique used for implantation. 

2..?. Gmjt karOdsiing 

After excision, each prosthesis was carefully rinsed in 
saline, placed in a buffered solution of glutaraldehyde 
and shipped to Quebec City for further analysis. On 
reception, each pajsthcssis was either placed on a hori- 
zontal transparent glass plate or mounted on a plastic 
knee for macroscopic examination using a Tessovai* mac- 
roscopic zoom system (Zeiss, Oberkochen, Germany). 
The type of prosthesis, the manufacturer, the degree of 
encapsulation, the site of rupture, and (he surgical tech- 
nique used at implantation were observed and recorded. 
A graduated ruler was used to measure the length of each 
segment and to localize the region where the maximum 
mechanical damage occun-cd, 

2.4. Hisropathoiogicai study 

Representative specimens from each prostheses were 
cut in sections of approximately 5 mm x 5 mm. Each of 
these sections were posifixcd in 10% formalin, dried in 
solutions of increasing concentration of toluene and 
ctliaiiol and then embedded in paraffin wax. Five micron 
thick sections were stained with hematoxylin- 
phloxine-safran and Masson's trichrome lo visualize the 
cellular response and collagen synthesis, respectively. 
Histologiciil examination included the evaluation of vari- 
ous healing parameters, such as the phase and the sever- 
ity of the inflammatory reaction, the different types of 
inflammatory cells present, the degi'ee of encapsulation 
and penetration of collagen into the prosthetic structure, 
and the severity of any infection if reported by the 
surgeon. 

2.3. Scanning electron microscopy study 

Further analysis consisted of observing the extent of 
damage to the textile structure and identifying,, where 
possible, the failure mechanism for each ACL prosthesis. 
The most signiiieantly damaged segment of each pros- 
thesis was cleaned of all adhering tissue by treating with 
5% sodium bicarbonate solution at the boil for 5 min^ 
followed by a 24 h immersion at room temperature. After 
rinsing with dcionizctl water, they were placed in two 
successive baths of 5% sodium hypochlorite bleach solu- 
tion for 2h, rinsed thoroughly in distilled water and 
dried. Representative specimens were removed from lo- 
cations near the sites of wear and breakage. They were 
then post-fixed in a 1% aqueous solution of osmium 
telroxide, rinsed in water, dehydrated by immersion 
m a series of aqueous solutions of increasing ethanol 
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Tabic 1 

Dcscripliun of the pro!;thcj;R!; ixtci^ivccl between 



yK3 and my 



Commercial name 



Sirykur* 
Prollex* 
Lygtiron* 
Ktfniwdy-l,Aiy» 
AKO SiiriiicraJt 

SEM* 
ftaschciw 
Braided I't JK 

Gorc-lcx* 
ABC* Surgicra/i 



Biumuiiical company 


DcKcriplion 


Male rial 


Number 


Slrykcr, USA 


4-6 wo von tiipOi ill a tubular shell 


PRT/PP 


28 


PrOT^k» Frujiue 


15 coiiujnLnc tuhiilHr hraicU of 32 yarub 


PET 


22 


Onhogruup, KrHiicc 


6 ribboiv? in \\ woven lube 


HPT 


13 


3M, USA 


Tl raided niirrow ribbcris 




J2 


Surgicr«ft, UK. 


24 bp'Midad lurrow ribbons wnippcd ot Ciids 


PET 


K 


Orlhomed, I'Vancc 


Rolled trico! knil imo a tubular .shape with m polyureihajW 
$hcll 




7 


Science ct Modcciiic, France 


Two concciui'ic lubular braids 


PKT 


6 


Cuudiif MMicul, KriLncc 


Kniltcd Ktrucuirc roiled into lubular shape 


uriMWPi^; 


& 


Cohdls Medical, Fruncc 


Double cunc'uniric tubular braids 


UKMWPE 


6 


I'Toth-Aicl, France 


Twi.sled ct>rds biuidcd wrapped at cndx 


PA A 


4 


W.L.GL>re and AsHocifltcs, USA 


24 braids of 3 yuriis wrftp("K:<^ \\\ cuds 


PTFE 






24 hr:ii(led nai iOw ribbons wrapped at ends 


P£T/C 


2 



'PET - polyester; HP = polypropylcuu: UllMWPfi ul^ra-hi^^h-HlOltc^llur weiiiht polyoLhylcnc; PAA - polyarylamide; 
tltiOroi;tliykiiu. 



'TF'T. = polytci ra- 



ce ace n I ration and dricii with hcxamethyldisilazane. 
Samples were finally vacuiJiT» coated with gold-pallad- 
ium and cxLtmincd in a JSM 33C1'' Jeol Siiaiining electron 
microscope (Soquelec. Montreal, QC, Canada) at 15 kV 
accelerating voltage. 



3. Results 

3. 1. Patientx nnd clinical information 

The 117 cxplants were harvested from 74 males, 29 
females and 14 patients of unknown sex. The mean age of 
these patients at the (ime of implantation wils 
25.6 ± 6.7 yrs (Fig. I). Injury to tlieir aaturai ACL oceiir- 
red as a result of sports injuries in 87.5% of the ciises 
[n — 72) (Fig. 2). Fig. 3 shows a wide and .skewed distribu- 
tion of the d LI ration of tm plan tali on for tlie various 
prostheses. Tabic 2 also provides evidence of a wide 
divergence of iniphtntatioii times for those ligamentous 
prostheses made from polyester fibres. 

3.2. AufimeJitation (hvices 

Twelve polypropylene Kennedy- LAD**" augmentation 
devices were rtilricvcd and evaluated. T he mean age of 
the patienLs at the time of implantation was 23 ± 5 yrs 
(/I => [ {) and the mean duration of implaniation was 
2L5 ± 13.2 months {n — 1 1), Tn five cases out of the 12, 
only one end had been retrieved and submilLcd for analy- 
sis, in fact, only one prosthesis was coinplctc. Fxa mi na- 
tion of the medical reports revealed that the Mcintosh 
technique using the semi-tendinous tendon was preferred 
[n — 4) to the use of fasoia-lata, patclhir tendon or the 
quadriceps wiicn performing the operation, The thick- 



ness ofixillagen varied along the: length of the prostheses. 
At histology, the healing of the Kenned y-L AD'* augmen-' 
tation device was characterized by the development of 
a ihm collagenous capsule with limited collagen infiltra- 
tion into the prosthetic atrueturc, even after more than 
3 yrs of implantation. The inflammatory response wa.s 
mild. 

The SEM examination showed that even if the seg- 
ment that had been located in the tibial tunnel was well 
preserved, there wius significai\t yarn-on-yarn abrasion at 
ihc distal end of the exptani and at the anchorage site as 
well as yarn-on-bone abra^jion at the exit to the tunnel. 
The typical characteristic that indicated abrasion wjis 
surface peeling of individual fibers. Compressed fibres 
were also present. Iatrogenic damage was also observed. 
It was most probably caused by difRculties at harvesting. 

3.3, Rizpiacentenl ligaments 

3JJ. Pofycstc}- ligaments 

Snykei^ lifi;afnenf.ii: The 28 prostheses received at the 
IBQ were unplanted between 1983 and 1990. Macro- 
scopic observations showed that the over-the-top 
Lechniqtie was used more frequently than the throufih- 
thc-condylc approach. In four cases, the surgical tech- 
nique could not be discerned because of the extent of 
damage to the devices. Prostheses inserted using the 
over-thc-top technique were well preserved in the tibial 
tunnel, but liber separation, fraying and signs of abrasion 
of the external shell were evident in the intra-articular 
region. Rupture of the pro.s thesis generally occurred at 
the distal end of the tibial tunnel or in the intra-artieular 
zone (Fig. 4). The ruptured sites of the through-the- 
condylc technique were localized either at the tibial pla- 
teau or above the condyle. The inlra-articular .cone was 
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Fii;. I. Aye distribution of the patieuls ai the limu of implanuiiion. 



[>ICM5[ 



frequently dislortcd nnd flattened, but no failures were 
reported in this area. 

Histoto^cal examination of the Strykei^ Jigamcnts 
showed thai these prostheses exhibited somi: degree of 
encapsulation characterized by collagenous granulo- 
matous I issue. Collagen was observed penetrating the 
external knitted shell and, in most cases, between the 
yarjis of the internal woven ribbons (Ki'g. 5). However, it 
rarely rciiehed the center of the woven yara bundle, 
which may have contained amorphous protein-Hkc ma- 
terial, but no collagen. The textile structure of the hga- 
menL was generally well preserved except in those cases 
where the fibres in the cxlcrn^d shell had become .separ- 
alcd and frayed as m result of the healing process, A thick 
collagcnoufj layer was observed between the knitted shell 
and the internal woven ribbons, and a chronic foreign 
body inflammatory response with macrophages and gi- 
ant cells was noticed for all Slryker^ explants. No severe 
inflammatory reaction was observed, and no direct cor- 
relation could be found between the extent of tissue 
ingrowth and the duration of implantation. 

The SEM examination demonstrated ihat the fiber 
wear morphology of the external and I he internal parts of 
this polye.ster ligament wais .similar. Thei^ was evidence 
of surface peeling as a .result of yarn-on-yarn and yarn- 
on-bone abrasion. In the woven ribbons, nxiai splitting of 



the fibers was observed, suggesting ^jome (lexural and 
rolalional fatigue (f-'ig. 6J. No abrasion of the fibers were 
seen between the cxtcm;d .shell and the internal ribbons. 
Some iatrogenic damage was also observed as some 
physicians reported problems in removing the prostheses 
during harvesting. 

Projiiix^^ ligamenr. This type of ligamentous prosthesis 
was usually received in two parts. Implantation more 
frequently involved using the ovcr-ihe-top technique. In 
four specimens, the surgical procedure could not be de- 
termined because of the severe extent of damage (Fig. 7). 
Damaged zones located near the exit to the femoral and 
the tibial tunnels were observed with the through- ihe- 
coadyle technique, whereas the exit to the tibial tunnel 
was the primary area affected when the over-the-top 
method was employed. The site of most ruptures for both 
techniques was at the distal end of the tibial turmel and in 
The intra -articular xonc. 

Histological observations of the retrieved Proflcx® 
ligaments revealed thai the healing differed significantly 
from that of the Stryker^ device. The Proflex*"^ ligaments 
were not encapsulated by a thick granulomatous tissue, 
but instead, only a thin collagenous lining was observed 
(Fig. S). As well as covering the outer surface of the 
ligament, this tissue capsule was found, in some cases, to 
penetrate ihrough five or six layers of the 15-layer 
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locate the specific damaged zones, particularly when the 
onltT shell was usual iy missing. 

Heiiling of the Lygeron® ligament involved the devel- 
opment of a thick collagenous external capsule, which 
gradually grew thicker as the duration of Che implanta- 
tion increased. However, even after 3 yrs of implantation, 
the collagenous tissue did not penetrate further ihnn the 
external woven she!) and the first internal woven nbbon 
(Fig. 1 1), The moderate, chronic inflammatory reaction 
was found to be similar to tiiat of liie oiiier polytiiter 
ligaments. 

Some fibers with bushy ends were found within the 
ruptured regions. Fibers exhibiting axial splittings and 
surface peeling were common to all of the prostheses, 
suggesting ihnt both ncxural fatigue and surface abrasion 
had contributed to the failure (Fig. 12). As seen from the 
Stryker^ and the Proflex*' grafts, there was no evidence 
of deterioration due to abrasion between the outer shell 
and the internal ribbons, and in fact the extent of damage 
was similar in both Inyers, 

SEM^ ligament: The SEM*' prostheses were invariably 
received in one single piece (Fig. 13). In all four cases, the 
through-thc-condyle surgical technique has been used. 
Histologically, the SEM® ligament exhibited good 



braided sLructuic. The infiltration of collagen into the 
external layers of the Proflex^ ligament caused a loss of 
structural integrity as the braided polyester yarns became 
unravelled and separated into individual fibers within the 
tissue capsule. A chronic inflammaLory reaction wiu? ob- 
served and found to be similar to that of the Stryker® 
prosthesis. Aguin, no correlation was seen between the 
degree of healing and the duration of implantation. 

The presence of damaged libers with bushy ends in the 
central break, zone of the prostheses wiis observed under 
SRM. Many fibers with surface peeling were observed on 
the outer shell and on the ribbons. This fiber wear mor- 
phology was attributed to yarn-on-yarn and yarn-on- 
btme abrasion. There was also some evidence of flexural 
and rotational fatigue as axial splitting was observed on 
many spcciinciiii (l''ig. 0). These signs 4>f damage were 
common to all prostheses and did not uppeiir to be 
localized in only one location. There was no evidence of 
abrasion between the ribbons and the outer shell. 

Ly</:eron'^ ligament'. The preferred technique for the 
implantation of tliis ligament was the ovcr-the-top tech- 
niq'ue. The ruptured prostheses were characterized by 
multiple breiik.*;; thus» the explantst arrived as numerous 
small pieces (KIg. 10). Con.sequently^ it wrts irr'i possible to 
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Duration of implanf^tiDn 
Fiti. 3. Duralion of implantfltion fOi' Ihe iiui-nitimiilion :m<l rcpliiaiiiviit dcviccii. 



l ahlc 2 

Duialioii of iniplLinuiion lor ACt HpnmomouS prosLhescs made rroin 



CoiJiuwrdal lumu Oiirntion Number Numticr 

(months) rcocived dams 



Sirykcr"' 


44.7 ± 33.4 


28 


19 




24.2 ± 1 2.,5 


12 


16 


Lyyurtm" 


36.1 ±27.7 


13 


9 


ABC Siii-giciiifi* PBT 


31.4 ± 21.1 


7 


4 




59.3 ii 1.2 


7 


3 


SFM« 


27.4 ± l6.iS 


6 


5 


ABC SiirgicfLifl* FK T/C: 


18 


2 


I 



cncapsuUiiion with pcnelralion of collagenous lis.suc 
limited to the exicrnal braided shell only. Within this 
tubular structure, ihc inliUraltn« lissuo was responsible 
for ciutsiiig some yarn fraying and the separation of 
individual fibers {Vlg. 14). A discrete chronic inflammat- 
ory response w;is noted. Fibers with .surface peeling, 
aiuiicd by yarn-on-yyrn and/or ytirn-on-bone abrasion* 
were frequently ob.scrved. Tlie presence of axial splittings 
was also aoiiecd, suggesting Hexural and/or rotational 




Kiij, 4 Macroscopic view of a StryK'cr pmsthcsifi (R91iBOI3) after 43 
inonlhn of impltintation showing the rounded portmn of the lifianiviil 
which was utlitchijd lo Ihc femoral condyle, the frayed inlra-anit;ular 
ponlon iind ihc !u:p;nrnitu iu^svrEtd in Lho tibial tunnel. 



fatigue, and, in some sections, flattened fibres were also 
found (Fig. 15). 

Ligastic^ ligament: The Ligastic*^ prosthese.s were re- 
ceived in cither one or several piec-es. They bad been 
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Kit-. 5. Light phnfomiciogiupli of ii cr[W>!-j;i.x(iuii of iin cxplantcd 
Slrykcr pmsThc^i.i iifldr A'S months of iiuplanlalion showing dense 
pCnelialion orcDliiii-L'iKniN iksiiu in ihc external envelope (iirrow) fini:! 
jiLipiifitlioii of Ihc knitted atnictiu'c iuio iuJividual liixr* (x 125). 



implanted using both the oveMhe-lop und the through- 
the-coTidylc techniques. The caasc of explantation w;is 
loUl rupiurc. which invnri^bly occurred in Lhe intra- 
articular zone. The shell layer won not available for 
a number ul' segments. The fell lure zone was chai'acten:<;ed 
by the presence o\ fibers with bushy ends. Some surface 
peclin*; was also oLservcd, 

This particular device was nianufaCLurcd in two differ- 
ent designs. The first, containing only a PET knitted 
strxicture, was an augmentation device, whereas the sec- 
ond, with its polyurethane outer shell, was designed to 
serve as a total ACL prosthesis. Only one out of the seven 
retrieved prostheses contained a polyurethane shell, 
which was surrounded by a thin colliigenous capsule and 
which prevented the infiltration of tissue into the internal 
knitted structure. Vor lhe other six cxplanis, the amount 
of external cneapsuhition was unpredictable, usually thin 
and occasionally absoni, 'l he collagenous tissue which 
was neither dense nor cumpjict, intiltrated readily 
between the yarns and libers of the knitted structure and 
easily reached the central core of the ligament. Again, the 
inflammatory reaction w£ls chronic and moderate. 

ABC Suri^lcrafi^ PET: These prosthetic ligaments were 
implanted using the over-the-top technique. They were 
received in one piece if their removal was not due to 
breakage, and in two pieces if the device had ruptured 
(Kig, 16). Failure invariably occurred proximal to the 
tibial condyle* and the damaged fibers in this zone were 
characterized by the presence of bushy ends. 

The hi.-^tolofiical study revealed that the ABC Surgi- 
craft* PF.T prostheses were well encapsulated by col- 
lagenous tissue, which pcnelraLed to (he core of the 
ligament between the 24 separate braids. MOAt of these 
prostheses also showed thai the tissue was responsible for 
separating the yarns within a braid> bill noc the fibers 
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Kig. 6- Scanning clcUron microgniphs of the polyester fibers from 
differtint exphinUsri Stryker liijunicnts after cleaning. The fibers wtsn; 
generally flattened and appeared to be l itpturcd due to surface abrasion 
(A: X R60). iiomc rtbcrs la the inlemal ribbon experienced Surfuce peel- 
ing (B: X 2000). Axial splitting due ro flcxuriil and/or lor«ional fatigtuc 
was also observed within the core of the ligunicni <C: x|200). 



within a yarn (Fig. 17). The inflammatory response wjis 
moderate and chronic, with macrophage and giant cells 
in contact wiUi the Hbcrs, 

The SHM examination identified fibcr.s with axial split- 
ting and surface peeling which probably resulted from 
rotational and llexural fatigue and from surface abrasion. 
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l-'ig. 7. Macroijcopic view of nnc cxpJaiUcd Prolbx Hgaincnt (891ig024) 
iifli;r 32 months of implnniaiioii. I'lic brciik Occurred in the central 
region or ihfi lia;iincinl, ^iml tho jit?aiun of prosthesis ul the firnioral 
condyle (left) was ru|jliircd into Iwo pieces. 




iMg. S. IJght plioi0niicrogr*iph of a erow-.<cc1ion of Lin explLintccj Prof- 
device after 37 months of implunLiition. The extent of healing near 
the cxlcroiil surface of this multi layered siruClure ik c Kara etc li^cd by 
dense infi I trillion of COllugen (C) causing; expansion and ae para lion of 
ihc polye$1u' yarns inlo individurd fibers (xl2S)- 



An exciis-sivt? amouiU of surface peeling was observed 
among fibers aear-lhc fixation poiiils. 

ABC Sur^krajl^ PET/C: Both the ihrough-lhe-condyle 
and the over-chc-top techniques were used for the im- 
phntatian of this device. With a limited ri\imber of spcci- 
mejis [n = 2), no conclusion coufd be made as to the exact 
xonc of brcLikiigc nor to the healing scqtience of these 
cxplants. The ruptured zone was characterized by the 
presence of fibers with bushy ends. The presence of sur- 
face peeling wus also observed und may result from 
yarn-on-yam or yarn-on-bone abrasion. This surface ab- 
rasion. as with the ABC Surgicr;ifl<*^ PET hgament, was 
more pronounced near the fix>i(ion points. 



uiah 21 (2m)0) 2461 -2i7i 




Fig. 9. Scanning electron microg^llphjt Of expknted Proflcx proftthese* 
after cJcaning. 'H^c ruptured fibers in thccxicrnjil h^yer were charactcT- 
ized by exieniiive fliiticning iind abrai-lon (A; xlSOt)). A bundle of liberij 
in the center of the lifiiimenl was severely abmdcd, CAhibiting u fracture 
inorpliology referred to as 'busJiy ends' (B: x3()0). Multiple AXial iplit- 
ting was also observed in tho ocntrM core of the Proflcx prosthcws 
liVely induced by flcxural iiod torsional fatigac (CrxIOO). 



High-peifonnance polyeihyhne (PHP) ligaments 
Braided PHP ligamenr. Six braided PHP ligaments 
were received in cither one or two pieces. They were 
implanted between 1987 and 1991 for an average dura- 
tion of 21.5 ± 3.5 months (n = 2), Four of them were 
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f-ij-v ](). M.in;ioJ«;upk: view of a l^ygeron lit^annsnl (89lig012) ufler IS 
monlhs of imptunUilioii ijliowing multiple break y.oncA which arc (Jlffi'^ 
cult to lecoQiifutL 




M. Light photomicrogroph of a Cross-iicctioTi of an eiplaiited 
Lygcron prosthesis after 25 months flt'implnntOTiail showing ihc devel- 
opment of 3 collapcnouR external ciipsutt! (liC) which l\fts peoettated 
nnly (ho linft two woven layers of The mulliltiycrwd stnictviru (xl25). 



implanted using the througli-the-condyle technique. One 
prosthesis was expJanlcd because it ruptured at the exit 
Ln the femoral tunnel. The otlier five were excised due to 
synovitis. 

Histogiciil examination revealed that the braided PHP 
ligaments were encapsulaicd by thiclc collagenous lL<!$ue 
wliich partly infiltrated the outer layers of the prosthesis. 
This collagen inliltriiLion caused an expansion and separ- 
ation of the multifilament yarns into individual fibers. 
A moderate, chronic inflammatory response was ob- 
served with numerous macrophages and giant cells. 

Fiber wear morpholofiy included evidence of surface 
peeling, probably due lo surface abrasion and axial split- 
ting, likely caused by flexural and torsional fatigue. How- 
ever, it should be noted that the amount and extent of 
damage was limited. 




Kig. 12, Scanning electron miui'Ogi'uphii of polyester fibers taken from 
the envelope of cxplantcd Lygcron pro^Tlicscs after dcaning showhi^r 
a fi'aclure morphology with mill li pie axial fipliltinjf; and bushy Cuds (A: 
x4$n). Rbcr splilUng due to ftcxuraJ and torsional faligue wa.s «lso 
noted {ti:x 7X0). 




Fig. 13. Macroscopic view ofiui expliinled SBM prosthesis (901iaO03j 
itRcr 1 1 months of implantation showing several exp^^scd and abraded 
anaw with .^ifinificant tearing and fraying. 



Ravchel^ Or knitted PHP ligament: Six explanlcd Rai!- 
chel*^ PHP prostheses with an average implantation time 
of 15.6 ± 9.6 months were examined. P^our of them were 
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Ffg. 14. Lighl photoniiciofirapb of h cmss-.'juclion ol un cxplantwi 
SKM prastJicsis aflur \ 1 month.': of impluniatron. The cxtcind layer of 
Uie ligiinienimis prosthciis iu infiltnitccl by collagenous tksuo which has 
scpariMcd indivitiiial fibers (x 1.25). 



inipIanLcd using the through-Lhc-condyle technique, and 
all four wore explanti;(l due to rupture (Fig. 1,8), His- 
tologically, the devices were encapsulated by thin col- 
lagenous tissue without any signifiaint infiltration into 
the structure. A discrete lo m<Kieratc, chronic infliinima- 
tory response was noted. 

The SHM examination demonstrated that there were 
few signs of deterioration, except at the fixation points, 
where there was evidence of shear stress. In some areas, 
there was some surface peeling, and some twisted fibera, 
but overall there was little evidence of wear damage. One 
major problem reported with these PHP devices was 
synovitis. 

3.3.3. Expanded PTFE ligaments 

Gorc'^Tcjc'^ ligament: Three braided Gore-Tex*^ liga- 
ments implanted for tm avcnigc of 31.6 ± IS months 
{n 2) were installed using the througli-the-condyle 
Lcchnique between 1987 and 1988 and expkntcd follow- 
ing rupture in the intra-articuiar zone (Fig. 19), His- 
tological observations revealed th;u loose collagcnouis 
tissue surrounded die ligament «.nd penetrated between 
individual Hbers (Fig. 20). The extent of ct)llagen infiltra- 
tion was limited to the periphery of the device. This type 
of prosthetic ligament showed no evidence of an inflam- 
matory reaction. 

'['he .SBM showed evidence of axial splitting., and some 
flattened fibers indicating that the failure mechanism was 
associated with ilcxurai and rotational fatigue. 

3.3.4, J *olyarylam ide U^am enh' 

fJgaUP^ ligament: The l-igaid*"" Lgamenls were excised 
after an average implanlation period of 18,7+5.7 
months (h = 3). One of these explants had been installed 
as an augmentation device, and the other three had been 
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Kig. 1 3. Scatininfi electron micrographs of the polyester fibers from one 
SEM prp-tthcdis after cleaning showing u Hattoocd morpboioyy and 
suifuce peeling in the damaged zones (A: x400). Some fibers also experi- 
enced severe torsional luidiiun leading to axial splitting (B: x6fio). 




Fig, (6. Macroscopic view of an cxplantcd ABC Surgiuraft PET liga- 
ment (9lllg004) after 48 months of implantation showing u distioci 
rupture in the imm-articillnr reeii>n with severe trnying or the bftiiJcd 
Ktnicturu. 



used as ACL replacements. All of them were received 
in three pieces. Two of them had been implanted by using 
the through-the-condyle technique. There are no 
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Kig. 17. Li;j;ht phoTOinicrOgrdph ofa i:m:<s-:t^;i;lion of itn cxplantcd ABC 
Smgiciaft TEF prosthesis nITcr 4fi monlhK of iinpIiiUtaliOn. The col- 
iHgcnons tlMLte orijLiiniilJtit', Tro ril a lluLk cxlcrnnl capsule penclraLccl 
bciwocin The braid und occiwionjiUy bciwOen individual fiber? (ailOW). 
TliC b!uck iTiiiLerial oK'Scrvcd wilhin I he braids was an amorphous 



reported failures due to rupture among all four Ligaid^ 
ligamcnis. The healing of the prosthesis showed good 
tissue eneapsiilalion wilh collageu pcncLrating between 
the yarnit and individiuil fibres (Kig. 21). The inflajtima- 
tory response was discrete. Examination of the cleaned 
structure by SKM showed no sigiLS of dumafied fibers; in 
fact, the prosthesis and internal ribbons appeared to be 
well preserved. 
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Fiy. IS. Macroscopic view of an cxplaotcd PHP Raschel ligumont 
(90Iie0l9) after 6 months in vivo. It hud ruptured into several pieces. 



4, Discussion 



In the present study, 117 ACL grafts were examined 
after an average implantation lime or22 ± 13 months for 
the augmentation devices and 33 ± 25 months for the 
replacement proslheses. After reviewing the ' patients* 
medical reports, we weit particularly interested in estab- 
lishing whether the causes and mechanism.s of failure 
were the same or dilTerent for the diflerent types of ACL 
prostheses. Wc have found aome similarities that may 
suggest common mechanisms for the loss of integrity of 
the various structures and failure of the ligamentoplasty. 

First, there is no correlation between the duration of 
implantation and the degree of collagen infiltration. The 
ideal prosthesis has not only to be accepted by the body, 
but also has to promote collagen development, matura- 
tion, and orientation in and around the prosthesis in 
order to reproduce as clo^tcly as possible the natural 
ACL, All of the ACL prostheses examined histologically 
were infiltrated by collagen lo different degrees. For the 
more porous knitted and braided structures, such as the 
Stryker^ Ligastic^, ABC** and Ligaid*- prostheses, the 
collagenous tixsue penetrated to the center of the device, 
whereas for the PrnHex'*^', braided PHP and RsL<;chel<«' 



PHP ligaments, collagenous tissue colonized only the 
outer layers. As for the Lygerou<» and SEM® grafts, the 
extent , of healing was limited to colLigen ingrowth 
around the external shell, but not penetrating the tightly 
braided internal structure. In the case of the braided 
Gorc-Tcx® graft, the healing tissue was limited to the 
periphery of the ligamentous prosthesis. This poorer 
healing may be due in part to the PTFH polymer rather 
thmi the braided structure. For example, as arterial pros- 
theses, PTFE grafts have been .shown to exhibit an in- 
ferior healing capacity lo polyester devices [25,26]. 
Finally, the development of a collagenous capsule wound 
in the Kennedy- LAD*^ augmentation device was limited 
lo the outer layer only with insuHicient collagen infiltra- 
tion into the interior of the structure. 

In scvcral of these ACL prostheses (Proflex'^, Stryker®, 
Ligastic*''*, Ligaid®), the collagen penetration into the 
textile structure caused the fibers to fray, swell and separ^ 
ate individually. This phenomenon subsequently contrib- 
uted to increasing the level of abrasion against the bone 
and may help to explain why these devices experienced 
mechanical failure. In addition, the collagen appeared to 
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Hk- ly. Miicrosaipic view of iin CApluiiicd Gorctcx profiihAfiu; 
(89Iifi026) showing a bicuk in iht; intrn-articuJar zone with signilicatil 
Tearing aud frayini; of the ligUmcnlou.s struct lire. 




Fig. Lj^vphotOiliicroisraph of u cross -seciion tif iin cxpluutud 
polyiirylamide Li|;aid prosthesis after 2S monihi* of im plan union show- 
ins the infiltration of collagenous tissue (C) between tlw: yitf ni and Cbers 
of ihis thin ligamentous structure (x 125). 
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J'ip. 20. tight phOlomicrofirttph of W croscf-sedinn of 4in cxplauted 
Goretex prosthcRis after 12 inOnlhs of implantation showing a loose 
:mi(J iiccliulur collagenous twruc which penclraled between tho PTFE 



be more like accumularions of random scar tissue be- 
tween the libers rather than wcll-oricnted colJagen fibers 
capable of withstanding high mechamcal loads. Even, for 
those prostheses with good collageti iniiUration, the col- 
higcn structure itself did not appear to be well .organized 
and uniformly oriented like that formed in natural liga- 
ments. Some .sludies have shown that these prostficses 
are ut>loni/ed by type 1 V collagen, an iimnature collagen 
wliich does not provide any real mechanical support or 
rcinforcciTicnt to the synthetic ligament [27,2S]. As a 
rcNuU, this type of collagen infiltration may be more 
detrimental than benelieial to the biostability and bio- 
endurance of these devices. 

A second cause for the observed failure and rupture 
zoncH was the yarn-on-yarn and yarn-on-bone abrasion 



phenomena:. This type of abrasion is characterized by 
surface peeling of the fibers, and its level of severity 
depends pn;thc type of weave; the tighter the weave, the 
more the abrasion observed. TTic Stryker'^ Proflcx®, 
Lygcron* and Kennedy-LA D® devices suflercd the most 
from this type of abrasion phenomenon. Three locations 
were particularly susceptible; namely, the proximal e?tit 
to the fibial hinnelin theinlra-anicularzone, around the 
condyle, and the distal exit to the femoral tunnel depend- 
ing oniwhethcT the over-the-top or through-the-condylc 
icehnique was used. Limited signs of damage were ob- 
served iwitli the Ligastic^, braided PHP and Gore-Tex^" 
ligaments^ fact, wear phenomenon was generally ab- 
sent injthe-ABC prostheses, except in the eyelet fixation 
region iwhere the damage was more severe due to cyclic 
touding and the tightly woven design, fhis resulted in the 
prosthesis, iii some Ccises, being held by only one braid. 
This type of/wear phenomenon was absent in the Ras- 
ehel'^ PHP and Ligaid*' devices. 

A third TTTiechanisni contributing to the failure of ACL 
prostheses Was flexural and rotational fatigue resulting 
from repeatjxl; flexions and extensions of the knee. This 
type of : fibet faiigue is characterized by bushy ends and 
axial splittiiiljs. The phenomenon was observed in most 
of the retrieved prostheses, generally at the site of rup- 
ture. Only the Raschel PHP and Ligaid devices appeared 
to be immuiie to this type of structural failure. 

In the 1990s most of the manufacturers gave up the 
production. :6f. these devices mainly because orthopedic 
surgeons weg;e exasperated by their high rates of failure 
r23,29T30]vWe believe that there is still a market for 
ligameritousi.prostheses. But before developing a new 
concept, \i Will be necessary to gain a better knowledge 
and understinding of the structure and properties of the 
natural: ACli.[27,3l]. The healing of previous ACI . pros- 
theses xyas invariably Incomplete; the tissue was neither 
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orienled^ nor did it provide tiny mcuhunical support or 
rcinrorccmcnt. Tlie problem of abrasion is pne that i5i 
difficult to solve compieicly. Future improvements in 
ACL device performance may reside in designs that arc 
able to protect these weak arcan, suuh as the inclusion of 
a protective sleeve at the exits to I he bone tunnels, and so 
increase the abrasion resistance. In addition* there is 
a need for more standardized installation techniques. 
According to Lemaire, there were more than 300 different 
surgical techniques reported during the 1980s alone, and 
they did not lead to significant improvements in success 
rates [32]. 

Further work therefore needs to focus on a number of 
issues, namely, standardized surgical protocols that 
avoid stress concentrations at fixation points and 
thot reduce the wide variation in abrasion and loading 
points; hitroduetion of now biomaterials that give a 
minimal (clnonic) inflamniatory response; and. develop- 
ment of tissue engineering techniques that, ; generate 
an optimally oriented and integrated tissue . composite 
that will contribute to the load bearing capacity of 
the device- 



5. Conclusion 

We have identified a number of dificrent phenomena 
that contribuLcd to the failure of ACL prostheses. The 
textile structure of the device and the surgical technique 
used for its installation both appear to play a major role 
in influencing the healing response and the type of movc- 
menL in the rehabilitated knee joint, as well as-determin- 
ing the long-tenn success of the ACL ligam'^ntoplasty. 
The three most common mechanisms of failure involved 
(1) inadequate abrasion resistance of the yarns against 
themselves and osseous surfaces, (2) flexural and tor- 
sjonn! fatigue of the fibers leading to axial splitting, and 
(3)vStruclural changes and loss of integrity of the ligamen- 
tous prostheses due to unpredictable tissue infiltration. 
Future improvements lie in the development, of innova- 
tive surgical techniques for implantation combined with 
a totally new concept for the biomaterials and prosthetic 
structure which will provide abrasion resistance and pro- 
mote a completely healed and oriented tissue engineered 
device. 
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